We reported previously that Trichophyton mentagrophytes contains a cytoplasmic macromolecule which specifically binds progesterone. Progesterone is also an effective inhibitor of growth of the fungus. We inhibition achieved at concentrations of 9.8 x 10-6, 1.2 x 10-5, 1.5 X 10-5, and 2.7 x 10-6 M, respectively. In addition, in the same rank order as specific progesterone binding, DOC and DHT were less effective inhibitors of growth of M. canis and T. rubrum. In conclusion, these results indicate that specific binding of progesterone appears to be a general phenomenon in dermatophytic fungi. Moreover, other steroid hormones and analogs inhibit growth in approximately the same rank order in which they displace [3H]progesterone from the fungal binders. These results further substantiate our hypothesis that the binder acts as the molecular mediator of the inhibitory effects exerted by steroid hormones on the growth of these fungi. The significance of these responses to an aspect of the biology or pathogenesis (or both) of these organisms remains to be elucidated.
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Recent studies of the interactions of mammalian steroid hormones with fungi have demonstrated specific steroidbinding moieties in several fungal genera (4, 6-9, 11-13, 18, 19) . In addition, treatment of fungal cultures with steroid hormones has resulted thus far in the demonstration of steroid-modulated responses in three pathogenic fungi: Paracoccidioides brasiliensis (9, 13) , Coccidioides immitis (3, 11) , and Trichophyton mentagrophytes (18) . For each, it has been hypothesized that the hormone-induced responses are mediated via the specific steroid-binding proteins. Furthermore, it has been postulated that the effect of the hormone may be related to the modulation of the pathogenesis of these fungi (3, 9, 11, 13) . Our initial studies of T. mentagrophytes indicated that cytoplasmic extracts prepared from the organism contained a macromolecular component, presumably a protein, capable of specifically binding [3H] progesterone (18) . We shall refer to this molecule as progesterone-binding protein (PBP) . Two other steroid ligands, deoxycorticosterone (DOC) and dihydrotestosterone (DHT) , competed for specific [3H]progesterone binding to gestone), which was obtained from Dupont, NEN Research Products (Wilmington, Del.). Reagents for extracting and measuring ATP were purchased from 3M (St. Paul, Minn.) and LKB (Turku, Finland).
Fungi. Clinical isolates of T. mentagrophytes (isolate 5), T. rubrum, and M. canis kept in our stock culture collection for 2 to 5 years were grown on Sabouraud dextrose agar (Difco Laboratories, Detroit, Mich.) slants, stored at 4°C, and transferred yearly. During the course of this study, subcultures were maintained on Sabouraud dextrose agar slants at ambient temperature and transferred monthly. Cultures with aberrant macroscopic or microscopic morphology (i.e., reduction of microconidia formation, changes in colonial morphology, etc.) were discarded, and fresh subcultures were made from a long-term stock culture. The mating types of T. mentagrophytes, A. benhamiae + (RV 30000) and -(RV 30001), were the kind gift of C. DeVroey (Instituut voor Tropische Geneeskunde Prins Leopold, Antwerp, Belgium) and were maintained similarly.
Preparation of cytosol. Cytosol was prepared from T. mentagrophytes, T. rubrum, M. canis, and A. benhamiae cultures as described previously (18) . In brief, 250 ml of Sabouraud dextrose broth (Difco) was inoculated with a suspension of conidia and mycelial fragments from 2-to 4-week-old slant cultures. Cultures were incubated for 7 days on a gyratory shaker (150 rpm) at room temperature, harvested by filtration, and washed with cold saline and cold homogenization buffer (250 mM sucrose, 1.5 mM EDTA, 10 mM Tris, 12 mM monothioglycerol, 10 mM sodium molybdate plus 10%o [vol/vol] glycerol, pH 7.8). The mycelial mass was suspended in an equal volume of the homogenization buffer and disrupted mechanically as described previously (18) . Cell debris and glass beads were removed by an initial low-speed centrifugation (1, 200 x g, 4 min, 4°C). These supernatants were recentrifuged (204,000 x g, 30 min, 4°C), and cytosols were recovered as the resultant supernatants. Cytosol protein concentrations were determined by the Coomassie dye-binding technique (1 (17) or assessed for percent reduction of specific binding by radioinert-competitor analysis.
Physical-chemical studies. Cytosol was prepared from T. mentagrophytes as described above. To assess the thermal stability of the binder, unbound cytosol was incubated at 0°C, 37°C, or 56°C for 30 min prior to determination of specific binding (6) . Susceptibility of the binder to enzymatic degradation was determined by incubation of unbound cytosol for 30 min at 37°C in the presence of RNase A (100 ,ug/ml; type 1-AS; Sigma Chemical Co., St. Louis, Mo.) or trypsin (100 ,ug/ml; type III; Sigma) (6) . DNase I (100 ,ug/ml; code DP; Worthington Biochemical Products, Malvern, Pa.) and phospholipase A2 (100 ,ug/ml; from porcine pancreas; Sigma) were tested in the presence of 6 mM MgCl2 and 2 mM CaCl2, respectively (6) . After each of the various treatments, samples were placed at 0°C and specific [3H]progesterone binding was determined by the dextran-coated charcoal method.
Effect of steroids on in vitro growth of dermatophytic fungi. Growth was determined by bioluminescence assays of fungal ATP (10, 18) by using a luminometer (LKB). In brief, organisms were grown in a synthetic liquid medium (5) 10 and 5% of the activity of progesterone, respectively (18) . The specificity of the binding site was further examined in this study by determining the capacity of a variety of previously untested radioinert steroid hormones to compete for [3H]progesterone binding (Fig. 3) . As inhibiting binding by 50% at a molar progesterone/ [3H]progesterone ratio of 1.3 under the conditions used. R5020 was the next best competitor, with a relative binding activity of 20% of progesterone. The relative binding activities of androstenedione and dehydroepiandosterone (DHEA) were 11 and 9%, respectively. Testosterone, 17aOH-progesterone, aldosterone, and 18-OH-DOC were all 3 to 5% as potent as progesterone. Dihydroandrosterone had negligible activity. The relative competitive potencies of all compounds tested, both in the prior study (18) and in the present study, were as follows: progesterone (100%) » R5020 (20%) > androstenedione (11%) 2 DOC (10%) 2 DHEA (9%) > DHT (5%) = testosterone (5%) = l7aOH-progesterone (5%) > 18-OH-deoxycorticosterone (3%) = aldosterone (3%). Cortexolone, corticosterone, dexame- tion analysis for specific progesterone binding was done with cytosol from M. canis (Fig. 4) In the previous study with T. mentagrophytes, steroid hormones which demonstrated binding activity for PBP were found to inhibit growth as determined by cellular ATP accumulation (18) . Similar studies were done in the current investigation of the growth of both T. rubrum (Fig. 5A ) and M. canis (Fig. 5B) . Progesterone exhibited a strong inhibitory effect on the growth in vitro of both organisms. However, there was an apparent recovery from growth inhibition (escape) by both organisms which occurred after 24 h. In addition, both DOC and DHT, when tested at 6.5 x 10-5 M, inhibited the growth of T. rubrum (Fig. SA) and M. canis (Fig. 5B) to a significant degree throughout the assay period (24, 48, and 72 h; P < 0.05). However, both DOC and DHT inhibited the growth of T. rubrum and M. canis to a lesser degree than did progesterone. Escape from growth inhibition was detected with these steroids as well. In dose-response studies, the concentrations of progesterone that inhibited the growth of T. rubrum and M. canis by 50% were determined to be 2.7 x 10-6 M and 1.5 x 10-' M, respectively (Fig. 6) . The the growth inhibition data were in the same rank order as it was for both M. canis and T. mentagrophytes. Previous studies of the effect of steroid hormones on T. mentagrophytes had indicated a strong correlation between binding potency for PBP and rank order of growth inhibition (18) . These studies were expanded to include R5020 and DHEA, which were two of the best progesterone-binding competitors of the compounds tested (Fig. 3 ). R5020 and DHEA were found to be almost as potent as progesterone in inhibiting the growth of T. mentagrophytes (Table 2) . Additional studies with A. benhamiae + and -, the mating types of some T. mentagrophytes, also demonstrated progesterone-mediated dose-dependent inhibition of growth (Table 2) . DISCUSSION Proteins which bind vertebrate steroid hormones have been demonstrated to be present in a number of different fungi (4, 6-9, 11, 12, 18, 19) . It has been proposed that these binding proteins represent primitive receptors which, as the molecular sites of action, mediate functional responses to mammalian steroid hormones (4, 6-9, 11, 18) . Indeed, this would appear to be a possibility for several fungi that exhibit bioresponses to particular hormones (3, 13, 18 Values are the means ± standard deviations; the number of determinations was three, except for progesterone in T. mentagrophytes (n = 13).
ple, P. brasiliensis, binds 17,-estradiol with high affinity and stereospecificity (9, 19) . Functionally, estradiol blocks the mycelium-to-yeast morphogenic transition of P. brasiliensis in a dose-responsive manner (13) . T. mentagrophytes possesses a binding moiety, which has been shown to be a thermolabile protein (Fig. 2 ) that specifically binds progesterone (18) . In the presence of progesterone, the growth of the organism is inhibited in a dose-dependent manner (18) . (14) (15) (16) . In that organism, female cells produce the steroidal compound antheridiol, which induces sexual differentiation by the male cells that is mediated via a specific receptor for antheridiol (14) (15) (16) . However, an equivalent antheridiol receptor is not present in the female cells, nor do the female cells respond to antheridiol (15) . Both mating types of A. benhamiae, + and -, bound progesterone with equal affinities, which were similar to that of T. mentagrophytes (Table 1 ) (18) . Since both mating types possess a PBP, these findings do not appear to be similar to the Achlya ambisexualis system. However, these results do not exclude the possibility that either one or both types produce natural ligands involved with sexual differentiation which bind with much greater affinity than does the mammalian hormone progesterone. Ligands produced by the mating types may differ structurally from each other as well as from progesterone. It should be noted that in higher eucaryotes, both male and female possess receptors for both androgens and estrogens.
The presence of specific progesterone binding and a functional response to progesterone by T. rubrum and M. canis appears to indicate that binding as well as inhibition of growth are general properties of these taxonomically related fungi (Fig. 4 , 5, and 6; Tables 1 and 2 ). In addition, the hormone-binding profile demonstrated for M. canis PBP correlated with the potency of growth inhibition exhibited by the steroid hormones (i.e., progesterone, the most active competitor for binding, was the most potent inhibitor of growth) (Fig. 4 and 5B). These data are in agreement with earlier data on T. mentagrophytes (18) Expansion of the binding specificity studies of T. mentagrophytes PBP revealed that progestins and androgenic compounds were the most active competitors for specific progesterone binding (Fig. 3) . The mineralocorticoid DOC (21-hydroxyprogesterone), structurally related to progesterone, was also very potent. In addition, two of the most active competitors, R5020 and DHEA, were demonstrated to be potent inhibitors of growth when tested for functional activity. These results are in agreement with previous data and further support the hypothesis that growth inhibition is mediated via PBP (18) . The synthetic progestin, R5020, has a high affinity for mammalian progesterone receptors but has been reported to be only 2% as effective as progesterone as a competitor for the corticosterone-binding protein of Candida albicans (6, 7) . It should be noted that in the C. albicans system, corticosterone and progesterone bind with equal affinity to the same protein (6) (7) (8) . However, unlike the situation with C. albicans, corticosterone is only 1% as effective as progesterone as a competitor for T. mentagrophytes PBP (18) , whereas R5020 is an excellent competitor. Thus, these data demonstrate inherent differences between the binding proteins of C. albicans and T. mentagrophytes.
In summary, the results presented here demonstrate that progesterone and related steroids bind with high specificity to a cytoplasmic protein and that binding appears to be a general property of T. mentagrophytes and taxonomically related fungi. Furthermore, progesterone and related steroids that are capable of binding also exhibit the capacity to inhibit the growth of dermatophytes. These data support our hypothesis that the binder represents a putative receptor system which mediates a functional effect in the organism. The specific actions mediated by the steroid-binding proteins are not yet defined. Whether the responses are important to the biology of the organism (i.e., such as in sexual mating), represent a mechanism of morphogenic regulation, or are integral to pathogenesis (or some combination of all of these actions) remains to be elucidated.
